Background: There are few previous epidemiologic studies of gallbladder cancer, a rare but nearly always lethal gastrointestinal cancer with a demonstrated greater frequency in adult women and older subjects of both sexes, and also in the members of populations throughout central and eastern Europe and certain racial groups such as native American Indians. Unfortunately, the prospects for the prevention of this form of cancer are poor. Purpose: Our purpose in conducting this study was to investigate possible new risk factors for gallbladder cancer and to strengthen our understanding of established causal agents that may be involved in this disease. Methods: A large, collaborative, multicenter, casecontrol study of cancer of the gallbladder was conducted in five centers located in Australia (Adelaide), Canada (Montreal and Toronto), The Netherlands (Utrecht), and Poland (Opole) from January 1983 through July 1988. Case subjects with gallbladder cancer were accrued by the centers from hospital pathology records and from reports to regional cancer registries. Cancer diagnosis was confirmed by either biopsy, cholecystectomy, or at the time of autopsy. Control subjects were randomly assigned at each center from the population. The pooled analysis included 196 case subjects and 1515 control subjects (who did not report previous cholecystectomy). Ninety-eight percent of the subjects were white. Personal interviews of case subjects, control subjects, and surrogates (spouse or next of kin) were conducted by trained personnel. Results: After adjusting for potential confounding factors (age, sex, center, type of interview, years of schooling, alcohol intake, and lifetime cigarette smoking), a history of gallbladder symptoms requiring medical attention (e.g., reduced bile secretion from the gallbladder into the small intestine due to obstructions of the common bile or cystic ducts) was the major risk factor associated with this form of cancer (odds ratio [OR] = 4.4; 95% confidence interval [CI] = 2.6-7.5). This association was present even in subjects who had their first gallbladder examination because of symptoms present more than 20 years earlier (OR = 6.2; 95% CI = 2.8-13.4). Other variables associated with gallbladder cancer risk included an elevated body mass index, high total energy intake, high carbohydrate intake (after adjustment for total energy intake), and chronic diarrhea. All of these risk factors have been previously associated with gallstone disease. Conclusions: These findings are consistent with a major role of gallstones, or risk factors for gallstones, in the cause of gallbladder cancer. Additional information on
whether or not screening high-risk subjects for gallstones or gallbladder cancer is needed. [J Natl Cancer Inst 1997;89:
1132-8]
There are few previous epidemiologic studies of gallbladder cancer, a rare but nearly always lethal gastrointestinal tumor (1) . Descriptive studies have demonstrated the greater frequency of this disease in older subjects, women, throughout central and eastern Europe (2) and certain racial groups such as native American Indians (3) (4) (5) . Other studies have emphasized the importance of gallstones (6, 7) and obesity (8) as risk factors for this disease, and parity (9) , family history (10), history of typhoid infection (11, 12) , and exposure to thorotrast (13) have recently been suggested as risk factors for gallbladder cancer. However, because of the rarity of this tumor, it has been difficult to conduct a detailed case-control study in a single center that has been of a sufficient size and statistical power to detect other potentially important risk factors, such as diet, prior medical history, and reproductive factors as the cause of this disease.
We investigated possible new risk factors for this disease, and to strengthen our understanding of established causal agents, a relatively large multicenter international case-control study was conducted within the Surveillance of Environmental Aspects Related to Cancer in Humans (SEARCH) Program (14) of the International Agency for Research on Cancer (IARC) (14) .
Materials and Methods
A population-based, case-control study was conducted in five centers located in Australia (Adelaide), Canada (Montreal and Toronto), The Netherlands (Utrecht), and Southwest Poland (Opole) from January 1983 through July 1988. This study formed part of a larger collaborative study of cancer of the pancreas and was conducted within the framework of the SEARCH Program of the IARC (15) .
Case subjects with gallbladder cancer were accrued at the participating centers by monitoring new cases, as determined from hospital pathology records and from reports to regional cancer registries. One hundred ninety-six case subjects with gallbladder cancer are included in the present study, representing about 70% of all case subjects that were diagnosed with gallbladder cancer at the participating centers during the study period. A confirmatory tissue diagnosis was obtained either by biopsy, cholecystectomy, or at the time of autopsy. Ninety-eight percent of the case and control subjects were white.
A random population sample selected at each center served as the control group: this control group was selected mainly with the study of pancreas cancer in mind. Identification of control subjects varied somewhat from center to center but relied mainly on contact with individuals obtained from population or election registers (Opole, Utrecht, Adelaide, and Toronto) or by random-digit dialing (Montreal). The overall participation rate for selected control subjects was 49%. More details of the recruitment are published elsewhere (15) . Forty-three (5%) of male and 121 (16%) of female subjects initially selected as control subjects had a past history of cholecystectomy and were excluded, leaving 1515 control subjects for the final analysis.
Personal interviews of case and control subjects were conducted by trained personnel using a standard core questionnaire that had been developed by the investigators in English and then translated into the appropriate language for non-English speaking centers. It included questions designed to elicit information about medical history, reproductive factors, alcohol, tobacco, gastrointestinal complaints or illnesses, and personal variables, such as body weight, years of schooling, and personal income. Dietary questions were developed locally by each center, taking into account the food habits of that area. A semiquantitative food-frequency questionnaire was used in all centers and included questions about frequency and types of food consumed. A detailed copy of the core questionnaire is available on request.
Because gallbladder cancer is often a rapidly fatal disease, surrogate (spouse or next of kin) interviews were carried out in all centers whenever the index case was either unavailable for interview or too ill to give accurate responses. In some cases, a surrogate assisted the index case during the interview: these were included with direct interviews. Proxy respondents were used for both case subjects and control subjects if the case subject or the control subject was unable to supply information. There were some proxy respondents for both case subjects and control subjects.
The answers to completed questionnaires were entered in the computer and forwarded to the IARC in Lyon, France, where editing, error checking, data processing, and statistical analysis were performed. Breakdown of dietary items into nutritional components based on local food tables was performed.
Statistical Methods
The odds ratio (OR) was used as the measure of association between specific variables and gallbladder cancer. Unconditional logistic regression analysis (16) was performed using the GLIM (Generalized Linear Interactive Modeling) statistical package (17) . Strategy for grouping continuous variables was determined a priori. For continuous variables, such as smoking and drinking, the nonexposed group was used as a reference category, and the remaining variables were divided into quartiles. For variables lacking a zero category such as body weight, the range was divided into quartiles, with the lowest fourth designated as the reference category. Confounding variables were entered in stepwise fashion, and the final model was corrected for age, sex, center, response status, smoking, education, and alcohol consumption. Variables could either be present, absent, or unknown and missing data were handled using dummy variables. Statistical significance was assessed using 95% confidence intervals (CIs) or P values <.05: this strategy was agreed on prior to the data analysis. For variables with more than one level of exposure, chi-square for trend was assessed by fitting the ordinal variable into the model described above. All statistical tests were twosided. Table 1 displays the distribution of case and control subjects by center. The majority of case subjects were females, with a male:female ratio of 1:3.5. Table 2 lists gastrointestinal variables that were found to be positively associated with gallbladder cancer. Fifty-four of the 196 case subjects had a past history of a prior gallbladder condition requiring medical attention (OR ‫ס‬ 4.4; 95% CI ‫ס‬ 2.6-7.5). This finding was supported by similar responses to questions about previous gallbladder examinations 5 or more years prior to the present illness or the use of special diets or drugs for gallbladder symptoms.
Results

Distribution of Case and Control Subjects by Sex and Center
Gastrointestinal Variables
An antecedent history of seeking medical attention for the complaint of frequent loose stools (OR ‫ס‬ 2.1; 95% CI ‫ס‬ 1.2-3.7) or reporting two or more bowel movements per day (OR ‫ס‬ 2.3; 95% CI ‫ס‬ 1.3-4.0) was also associated with an increased risk of gallbladder cancer (Table 2 ). This association antedated the onset of cancer by many years. Patients reporting loose stools 5 or more years prior to the interview had a significantly *Control subjects consist of all control subjects accrued at each center that explains the varying ratio of case and control subjects at different centers. The ratio of case subjects and control subjects depends on the relative frequency of pancreatic cancer and gallbladder cancer stratified by sex in the various centers.
†Proxy respondents for both case subjects and control subjects were used if the case subject or control subject was unable to supply information. Therefore, there are some proxy respondents for both case subjects and control subjects.
increased risk of gallbladder cancer compared with patients with a normal bowel pattern: OR ‫ס‬ 2.3 (95% CI ‫ס‬ 1.1-4.6).
The risk of gallbladder cancer appeared to be elevated in the small subgroup of cases with previous surgical treatment for peptic ulcer disease (OR ‫ס‬ 3.0; 95% CI ‫ס‬ 1.0-9.4). However, a history of peptic ulcer disease or drug therapy for this illness was not associated with any excess risk.
A history of other gastrointestinal complaints unrelated to the stomach or the gallbladder was only a risk factor within the 5-year period immediately preceding the onset of gallbladder cancer. Having sought medical attention for constipation was not a risk factor (OR ‫ס‬ 1.3; 95% CI ‫ס‬ 0.8-2.0).
Reproductive Factors
Among women who had been pregnant, the risk of gallbladder cancer appeared to increase with increasing number of pregnancies: women in the highest category (three or more) had a 2.2-fold increase (95% CI ‫ס‬ 0.9-5.4) in risk compared with women with a history of only one pregnancy (Table 3 ) (chisquare value for trend ‫ס‬ 5.39; P ‫ס‬ .02). Twelve of 152 women were nulliparous, and they appeared to have no significant alteration in risk: (OR ‫ס‬ 1.5; 95% CI ‫ס‬ 0.5-4.5). Older age at time of first childbirth (>20 versus <20 years) reduced the risk of gallbladder cancer (OR ‫ס‬ 0.5; 95% CI ‫ס‬ 0.3-1.0), with no observable downward trend after age 20 years.
In women with a natural menopause, there appeared to be no increased risk of gallbladder cancer with late versus early cessation of menses. Reported use of oral contraceptives did not appear to alter the risk of gallbladder cancer (OR ‫ס‬ 1.0; 95% CI ‫ס‬ 0.5-2.0). Only 10 of 152 case subjects used replacement estrogens, but there appeared to be a marginal reduction in risk associated with these agents (OR ‫ס‬ 0.5; 95% CI ‫ס‬ 0.2-1.0). Tables 4 and 5 Higher values for Quetelet's index were associated with an elevated risk of gallbladder cancer for females but not males: the OR for females in the highest versus the lowest quartile was 2.1 (95% CI ‫ס‬ 1.2-3.8), and there was a significant increasing trend in risk with increasing Quetelet index (chi-square for trend ‫ס‬ 5.36; P ‫ס‬ .02). In both sexes, total energy intake was related to gallbladder cancer, with an OR of 2.0 (95% CI ‫ס‬ 1.1-3.7) for the highest relative to the lowest quartiles and a significant trend in risk (chi-square for trend ‫ס‬ 5.77; P ‫ס‬ .02).
Quetelet's Index and Dietary Factors
A relationship was observed between total carbohydrate intake and gallbladder cancer that was apparent in both males and females. The risk ratio for subjects in the highest versus the lowest quartile was found to be 11.3 (95% CI ‫ס‬ 4.6-28.0), with a highly significant trend statistic (P<.0001). These results were adjusted for total energy intake using the method described by Howe et al. (18) , and this adjustment, in the presence of missing data from subjects included in the table but omitted in the multivariate analysis has increased the adjusted OR over the crude value.
Other dietary findings included a significant reduction in risk associated with increased intake of vitamin B6 (pyridoxine) and vitamin E and modest protection associated with increasing intakes of fat or vitamin C. After adjustment for total energy and carbohydrate intake, higher intakes of dietary fiber appeared to be protective (chi-square for trend ‫ס‬ 3.84; P ‫ס‬ .05). 
Other Variables
No particular occupational grouping or occupational exposure appeared to increase the risk of gallbladder cancer. For several other items analyzed as categorical variables, the adjusted ORs and 95% CIs were as follows: coffee drinking (OR ‫ס‬ 0.8; 95% CI ‫ס‬ 0.5-1.3); tea drinking (OR ‫ס‬ 1.0; 95% CI ‫ס‬ 0.6-1.8); alcohol drinking (OR ‫ס‬ 0.8; 95% CI ‫ס‬ 0.5-1.3); and cigarette smoking (OR ‫ס‬ 1.3; 95% CI ‫ס‬ 0.8-1.9). Diabetes did not appear to be a risk factor for gallbladder cancer (OR ‫ס‬ 0.7; 95% CI ‫ס‬ 0.4-1.4).
Discussion
A central finding in this collaborative, population-based, case-control study was a strong relationship between a history suggestive of previous gallstones or gallbladder disease and the subsequent risk of cancer of the gallbladder. This relationship was observed at all centers and in both sexes and was independent of type of interview. The underlying prevalence of gallstones in both case and control subjects is probably higher than that reported on questionnaire-derived responses. A systematic bias might yield a positive association if case subjects were more likely to recall prior diagnosis than control subjects. However, a previous case-control study based on surgical and autopsy material where precise information about the presence or absence of gallstones was available yielded an identical point estimate of 4.4 (7). In addition, several previous studies (6, 19, 20) have also pointed out a strong relationship between gallstones and gallbladder cancer.
Nearly all of the other significant associations with gallbladder cancer that were observed in this study have been previously reported to be risk factors for gallstones. Thus, a parsimonious explanation for most of our findings is that the risk factors for gallbladder cancer detected in this study act indirectly by promoting or retarding gallstone formation. For example, a past history of diarrheal disease, which is known to be associated with the risk of gallstones (21, 22) , was associated with a twofold increase in the risk of gallbladder cancer. Surgery for peptic ulcer disease has been associated with gallstone formation (23) , and the small subgroup of patients with a history of surgery for peptic ulcer disease had a threefold increased risk of gallbladder Table 3 . *Indicates number case/control subjects with positive response to question. †Adjusted for age, sex, center, alcohol, smoking, schooling, and response status. Age at first birth corrected for parity. ‡Significant trend statistic, for ever-pregnant females: chi-square (1 df ) ‫ס‬ 5.39; P ‫ס‬ .02. cancer. The much larger group of nonsurgically treated cases of peptic ulcer disease had no excess risk. The one major exception appears to be alcohol consumption, which has been posited as protective against gallstone formation (24,25) but which was not found to have any association with gallbladder cancer in this study. The risk of gallbladder cancer increased with increasing parity. Again, many observers have observed a link between gallstones and parity (9, 26, 27) , probably because gallbladder stasis during pregnancy promotes formation of stones and sludge (28) . Delayed start of first pregnancy led to a reduction in the risk of gallbladder cancer, and this effect was unchanged by adjusting for number of pregnancies. In agreement with a previous negative report (29) , based incidentally on only 58 cases of gallbladder cancer, an altered risk in subjects who had taken oral contraceptives was not observed. None of the prospective studies of oral contraceptive users mention gallbladder cancer, probably due to the rare nature of the condition: the evidence associating oral contraceptive use and cholecystitis and cholelithiasis is inconsistent overall (30) . In women, the risk of gallbladder cancer increased with a rise in Quetelet's index. Many previous studies (11, (31) (32) (33) have shown a strong link between gallstones and obesity, especially in females.
Most of the major dietary items that appeared to alter the risk of gallbladder cancer are suspected risk factors for gallbladder disease (31) (32) (33) . The strongest dietary association was with increasing intake of total carbohydrates, where an 11-fold increase for subjects in the highest quartile compared with subjects in the lowest quartile was observed and a significant increasing risk with increasing intake was found. Total energy intake was found to be a risk factor, and this risk persisted after adjustment for body mass index. The association with carbohydrates also persisted after adjustment for total energy intake.
A reduction of risk of borderline statistical significance was observed for increased consumption of total fat, but no relationship was observed with the protein content of the diet. Dietary fiber also appeared to reduce the risk of gallbladder cancer independently of energy, carbohydrate, and vitamin C intake. ‡Adjusted for other energy intake in addition to ( †). §Adjusted for total energy intake in addition to ( †).
Increased consumption of vitamin B6 (pyridoxine) and vitamin E appeared to reduce the risk of gallbladder cancer. These findings are consistent because both of these dietary items are derived from similar food groups that include milk, milk products, vegetables, and cereals, and therefore may be indicative of an adequate nutrient intake. Low levels of vitamin E have been predictive of epithelial cancers in both men and women (34, 35) . Increased intake of vitamin C appeared to reduce the risk of gallbladder cancer. A similar protective effect for consumption of fruit was also found in a Japanese case-control study of gallbladder cancer (36) .
These findings indicate a strong relationship between gallstones, or risk factors associated with gallstones, and gallbladder cancer, however, it should be recognized that because of the many variables included in the study questionnaire, some of the findings might be due to chance. Many gallbladder cancer cases had a history suggestive of gallstones that preceded tumor development by 20 or more years. In any event, this study suggests that gallbladder cancer is related to dietary factors and that the risk of this lethal tumor can be altered by dietary measures that include weight control (at least in women), reduction of carbohydrate consumption, and perhaps by increased consumption of fiber and vitamin C. Removal of symptomatic or asymptomatic gallstones would also reduce the risk of this disease. Cholecystectomy for symptomatic gallstones is well established and eliminates the risk of subsequent gallbladder cancer. Prophylactic cholecystectomy in patients with asymptomatic gallstones remains controversial (37) (38) (39) (40) (41) . Future studies should provide additional information on whether or not screening high-risk subjects for gallstones or gallbladder cancer is warranted.
